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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a 
semiconductor substrate comprising an SiGe film 
wliich has a thickness exceeding 3,000 &angst; and 
is significantly reduced in strain. 
SOLUTION: A method for forming an SiGe layer of 
relatively high germanium concentration and 
relatively low through transition density comprises a 
process to form a silicon substrate, a process for 
depositing the SiGe layer by 100-500 nm in thicl<ness 

with germanium concentration of the SiGe layer being ' '^^^ 

higher than 20% as an atomic ratio, a process where 
an H+ ion is implanted in the SiGe layer by a dose of 
1x1016 cm-2-5x1016 Gm-2 with an energy of 20-45 
l^eV, a process where the SiGe layer is patterned with 

a photoresist, a process where the acquired structure body is plasma-etched to form a 
trench around a region, a process to remove the photoresist, and a process to reduce the 
SiGe layer by annealing the substrate and SiGe layer at 650-950°C in an inactive 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process for which it is the manufacture approach of the semi-conductor substrate 
which includes the approach of forming the SiGe layer which has comparatively high germanium 
concentration and comparatively low penetration dislocation density, and a silicon substrate is 
prepared, The process from which germanium concentration deposits a SiGe layer higher than 20% 
by the atomic ratio on this silicon substrate at the thickness of about lOOnm - 500nm, about 1.1016 — 
the dose of cm-2-5.1016cm-2, and about 20 ~ with the energy of keV-45keV The process which 
injects HH- ion into this SiGe layer, and the process which carries out patterning of this SiGe layer by 
the photoresist, In the process at which plasma etching of the SiGe layer by which patterning was 
carried out is carried out, and the dimension of one side forms a trench in the perimeter of a field 
4micro or less, the process which removes this photoresist, and an inert atmosphere The manufacture 
approach of the semi-conductor substrate which carries out heat annealing of this silicon substrate 
and this SiGe layer for [ about 30 seconds - ] 30 minutes, and includes the process which eases 
distortion of this SiGe layer at the temperature of about 650 degrees C - 950 degrees C. 
[Claim 2] The manufacture approach of a semi-conductor substrate according to claim 1 that the 
process which deposits said SiGe layer is performed at the temperature of about 400 degrees C - 600 
degrees C. 

[Claim 3] The manufacture approach of the semi-conductor substrate according to claim 1 which 
includes further the process which deposits Si layer which required tensile strain on the SiGe layer 
by which said distortion was eased at the thickness of 5nm - 30nm. 

[Claim 4] The manufacture approach of the semi-conductor substrate according to claim 1 which 
includes further the process which deposits the SiGe layer by which distortion which has the 
thickness of 50nm - 200nm was eased on the SiGe layer by which said distortion was eased after said 
heat annealing. 

[Claim 5] The manufacture approach of a semi-conductor substrate according to claim 1 that said 
heat annealing is performed in argon atmosphere. 

[Claim 6] The manufacture approach of the semi-conductor substrate according to claim 1 which 
carries out patterning of said SiGe layer to the shape of a grid in said process which ceirries out 
patterning. 

[Claim 7] The process for which it is the manufacture approach of the semi-conductor substrate 
which includes the approach of forming the SiGe layer which has comparatively high germanium 
concentration and comparatively low penetration dislocation density, and a silicon substrate is 
prepared. The process from which germanixmi concentration deposits a SiGe layer higher than 20% 
on this silicon substrate by the atomic ratio at the thickness of about lOOnm - 500nm, about 1.1016 — 
the dose of cm-2-5.1016cm-2, and about 20 — with the energy of keV-45keV The process which 
injects H+ ion into this SiGe layer, and the process which carries out patteming of this SiGe layer to 
a grid-Hke pattem by the photoresist. Plasma etching of the laminating structure of this SiGe layer by 
which patteming was carried out, and a silicon substrate is carried out. In the process at which the 
dimension of one side forms a trench in the perimeter of the field not more than 
4micrometerx4micrometer, the process which removes this photoresist, £md an inert atmosphere The 
manufacture approach of the semi-conductor substrate which carries out heat armealing of said 
silicon substrate and this SiGe layer for [ about 30 seconds - ] 30 minutes, and includes the process 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip,.. 6/28/2006 



JP,2003-229361,A [CLAIMS] 



Page 2 of 2 



which eases distortion of this SiGe layer at the temperature of about 650 degrees C - 950 degrees C. 
[Claim 8] The manufacture approach of a semi-conductor substrate according to claim 7 that the 
process which deposits said SiGe layer is performed at the temperature of about 400 degrees C - 600 
degrees C. 

[Claim 9] The manufacture approach of the semi-conductor substrate according to claim 7 which 
includes further the process which deposits the layer of the silicon which required tensile strain on 
the SiGe layer by which said distortion was eased at the thickness of 5nm - 30nm. 
[Claim 10] The manufacture approach of the semi-conductor substrate according to claim 7 which 
includes farther the process which deposits the SiGe layer by which distortion which has the 
thickness of 50-200nm was eased on the SiGe layer by which said distortion was eased after said 
heat annealing. 

[Claim 1 1 ] The manufacture approach of a semi-conductor substrate according to claim 7 that said 
heat annealing is perfomied in argon atmosphere. 

[Claim 12] The process for which it is the manufacture approach of the semi-conductor substrate 
which includes the approach of forming the SiGe layer which has comparatively high germanium 
concentration and comparatively low penetration dislocation density, and a silicon substrate is 
prepared, A SiGe layer so that germanium concentration may be about 20% and may serve as about 
30% of dip presentation in the upper part on this silicon substrate in the location which adjoins this 
silicon substrate by the atomic ratio at the temperature of about 400 degrees C - 600 degrees C the 
process deposited on the thickness of about lOOnm - 500nm, and this SiGe layer ~ about 1.1016 ~ 
with the dose of cm-2-5.1016cm-2 The process which pours in H+ ion with the energy of 
abbreviation 20keV-45keV, The process which carries out patterning of this SiGe layer to a grid-like 
pattem by the photoresist. In the process which carries out plasma etching of this SiGe layer by 
which patterning was carried out, and forms a trench in the perimeter of the contrant region of a grid- 
like pattem, the process which removes this photoresist, and an inert atmosphere The manufacture 
approach of the semi-conductor substrate which carries out heat annealing of this substrate and this 
SiGe layer for [ about 30 seconds - ] 30 minutes, and includes the process which eases distortion of 
this SiGe layer at the temperature of about 650 degrees C - 950 degrees C. 

[Claim 13] The manufacture approach of the semi-conductor substrate according to claim 12 which 
includes farther the process which deposits the layer of the silicon which required tensile strain on 
the SiGe layer by which said distortion was eased at the thickness of about 5nm - 30nm. 
[Claim 14] The manufacture approach of the semi-conductor substrate according to claim 12 which 
includes farther the process which deposits the SiGe layer by which distortion which has the 
thickness of 50-200nm was eased on the SiGe layer by which said distortion was eased after said 
heat annealing. 

[Claim 15] The manufacture approach of a semi-conductor substrate according to claim 12 that said 
heat annealing is performed in argon atmosphere. 

[Claim 16] The manufacture approach of a semi-conductor substrate according to claim 12 that said 
patteming process and said plasma ETCHINGGU process are performed after the impregnation 
process of said H4- ion. 

[Claim 17] The manufacture approach of a semi-conductor substrate according to claim 12 that the 
impregnation process of said H+ ion is performed after said patteming process and said plasma 
ETCHINGGU process. 

[Claim 18] The process which forms said trench is the manufacture approach of the semi-conductor 
substrate according to claim 12 which is the process which forms a trench in the perimeter of the 
field whose dimension of one side is less than [ 4micrometerx4micrometer ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] (Related application) This application relates to the United States patent 
application 10th for which it applied on September 28, 2001 / the "approach which forms the 
relaxation SiGe layer of high germanium concentration" of 062 and 336. 

(Field of invention) This invention relates to the manufacture approach of a semi-conductor substrate 
of having the thick SiGe film formed by using trench structure for a detail, about the manufacture 
approach of the semi-conductor substrate used for semiconductor devices, such as an MOSFET 
device whose mobility improved. 
[0002] 

[Description of the Prior Art] In the MOSFET device application whose carrier mobility improved, 
in order to raise carrier mobility further Use the Sil-xGex buffer layer by which distortion (stress) 
was eased as a virtual substrate for a distorted Si (silicon) layer. (For example) K — Ismail's and 
others" — High electron mobility in modulation-doped Si/SiGe", AppL Phys. Lett. 58 2117, 
"Investigation of 1991 (nonpatent literature 1), and S.Wickenhauser and others of plastic relaxation 
in Sil-xGex/Sideposited by selected epitaxy" and Mat. Res. Soc. Sypm. Proc. Vol. — 533 and 69 
1998 (nonpatent literature 2). 

[0003] Distortion eases an Sil-xGex layer plastically by formation of a misfit rearrangement. (For 
example) R. Hull's and others "Nucleation of misfitdislocations in strained layer epitaxy in the 
GexSil-x/Si system" J. Vac Sci. Technol. A7 2580 1989 (nonpatent literature 3), "Strain relaxation 
kinetics in Sil-xGex/Si heterostructures" of Houghton J. Appl.Phys. 70 2136 1991 (nonpatent 
literature 4), Wickenhauser's and others "Determination of the activation energy for the 
heterogeneous nucleation of misfit dislocations in Sil-xGex/Si deposited byselective epitaxy", Appl. 
Phys. Lett. 70 324 1997 (nonpatent literature 5), Matthews's and others "Defects in epitaxial 
multilayers" J.Cryst. Growth 27 1 18 1974 (nonpatent Uterature 6), And Tang's and others 
"Investigation of dislocations in Sil-xGex/Si heterostructures grown by LPCVD" J.Cryst. Growth, 
125 301 1992 (nonpatent literature 7). 

[0004] However, between this process, if a penetration rearrangement occurs, the engine 
performance of a device will fall by existence of a penetration rearrangement, and the yield of a 
device will usually fall remarkably. 

[0005] The current technique of manufacturing the Sil-xGex buffer layer of high quality It is making 
it grow up so that a presentation may carry out dip change of the layer with a thickness of several 
micrometers in the thickness direction. (For example) Schaeffler's and others "High-electron- 
mobilitySi/SiGe heterostructures: influenceof the relaxed SiGe buffer layer" Semiconductor. Sci. 
Technol. 7.260 1992 (nonpatent literature 8), And Fitzgerald's and others "Totallyrelaxed GexSi 1-x 
layers with low threading dislocation densities grownon Si substrates" Appl. Phys. Lett. 59 81 1 1991 
(nonpatent literature 9). 

[0006] The consistency of the penetration rearrangement of an Sil-xGex layer which has the 
thickness of several micrometers is still high, and it is not realistic to include the Sil-xGex layer 
which has the thickness of several micrometers in manufacture of a commercial device. Research is 
done also about relaxation of distortion of the SiGe growth on a SIMOX (Separation by Implantation 
of Oxygen) wafer, and a Si/SiGe double layer is served as fi-ee floating foil (fi-ee-floating foil) evenly 
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maintained by the substrate. However, it is necessary to choose the ratio of the thickness of Si 
(siHcon) and a SiGe layer carefully so that the nucleation of the rearrangement from a SiGe layer to 
Si (silicon) layer and the skid of a rearrangement may happen. Furthermore, in order to enable it to 
use it for almost all technical applications, this conventional technique needs to correct so that a lot 
of germanium (germanium) may be contained (for example, LeGouse*s and others "Relaxation of 
SiGe thin films grown - Si/Si02 substrates", J. Appl. Phys. 75, 7240 1994 (nonpatent literature 10)). 
[0007] Helixim impregnation and annealing show having a short-distance mutual attracting action 
with the hole powerful between rearrangements formed in Si (silicon), germanium (germanium), and 
those alloys. By preparing a hole in a SiGe/Si interface, the relaxation rate of distortion improves 
substantially and the rearrangement fine structure deforms. However, reduction of penetration 
dislocation density was not observed (for example, Follstaedt's and others "Cavity-dislocation 
interactions in Si-germanium and implications for heterostructure relaxation", Appl. Phys. Lett., 69, 
2059, 1996 (nonpatent literature 11)). In order to attain relaxation of 80% of distortion in a SiGe 
layer, it is necessary to still perform annealing at 1 000 degrees C for 1 hour. 

[0008] It turns out that exfoliation of Si (silicon) is caused by hydrogen impregnation and shearing of 
the detailed layer formed by Si (silicon) occurs by it (Weldon's and others "On the mechanism of the 
hydrogen-induced exfoliation of silicon", J. Vac.Sci. Technol. B. 15, 1065, 1997 (nonpatent 
literature 12)). This technique is used for manufacture of a high quality SOI (silicon-on-insulator) 
wafer, and is well-known as a "SmartCut" (trademark) process. 

[0009] In the latest reference S. Mantl's and others "Strain relaxation of epitaxial SiGe layers on Si 
(100) improved by hydrogen implantation Nuclear Instruments and Methods inPhysics Research B 
147 29 (1999) (nonpatent literature 13) And H.Trinkaus's and others "Strain relaxation mechanism 
for hydrogen-implanted Sil-xGex/Si (100) heterostructures" Appl. Phys.Lett. 76 3552 2000 
(nonpatent literature 14) Whenever [ distortion relaxation / of SiGe ] was raised using hydrogen 
impregnation, and the advantage of reducing the consistency of a penetration rearrangement is 
reported. 
[0010] 

[Nonpatent literature 1] K. Ismail's and others "High electron mobilityin modulation-doped Si/SiGe" 
Appl.Phys. Lett. 58 21 17 1991 [nonpatent literature 2] S. Wickenhauser's and others "Investigation 
oQjlastic relaxation in Sil-xGex/Si deposited by selected epitaxy" Mat. Res. Soc. Sypm. Proc. 
Vol.533 69 1998 [nonpatent literature 3] R. HxxlVs and others "Nucleation of misfit dislocations in 
strained layer epitaxy in the GexSil-x/Si system" J. Vac Sci. Technol. A7 2580 1989 [nonpatent 
literature 4] "Strain relaxation kinetics in Sil-xGex/Si heterostructures" of Houghton, J. Appl. Phys. 
70 2136 1991 [nonpatent literature 5] Wickenhauser's and others "Determination of theactivation 
energy for the heterogeneous nucleation of misfit dislocations in Sil-xGex/Si deposited by selective 
epitaxy", Appl. Phys. Lett. 70 324 1997 [nonpatent Hterature 6] Matthews's and others "Defects in 
epitaxial multilayers" J. Cryst. Growth 27 1 18 1974 [nonpatent literature 7] Tang's and others 
"Investigation of dislocations in Sil-xGex/Si heterostructures grown by LPCVD" J. Cryst. Growth 
125 301 1992 [nonpatent Hterature 8] Schaeffler's and others "High-electron-mobility Si/SiGe 
heterostructures : influence of the relaxed SiGe buffer layer", Semiconductor. Sci. Technol. 7.260 
1992 [nonpatent literature 9] Fitzgerald's and others "Totally relaxed GexSil-x layers with low 
threading dislocation densities grown - Si substrates" Appl. Phys. Lett. 59 81 1 1991 [nonpatent 
literature 10] LeGouse*s and others "Relaxation of SiGe thinfilms grown - Si/Si02 substrates", J. 
Appl. Phys. 75 7240 1994 [nonpatent literature 1 1] Follstaedt's and others "Cavity-dislocation 
interactions in Si-germanium and implicationsfor heterostructure relaxation", Appl. Phys. Lett. 69 
2059 1996 [nonpatent literature 12] Weldon's and others "On the mechanism of the hydrogen- 
induced exfoliation of silicon", J. Vac. Sci. Technol. B. 15 1065 1997 [nonpatent literature 13] S. 
Mantl's and others "Strain relaxation of epitaxial SiGe layers on Si (100) improved by hydrogen 
implantation Nuclearlnstruments and Methods in PhysicsResearch B 147 29 1999 [nonpatent 
literature 14] H. Trinkaus's and others "Strain relaxation mechanism for hydrogen-implanted Sil- 
xGex/Si(100) heterostructures" Appl.Phys. Lett. 76 3552 2000 [001 1] 

[Problem(s) to be Solved by the Invention] However, relaxation of distortion of a 2000A - 2500A 
SiGe layer is aheady reported. The SiGe layer which has this thickness is not thickness sufficient for 
commercial device application. 
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[0012] This invention solves such a problem and the object is in offering the manufacture approach 
of a semi-conductor substrate of having comparatively high germanium (germanivim) concentration 
and the comparatively low penetration dislocation density beyond 20% - 30% or it by the atomic 
ratio (atomicratio), and having the SiGe film which has the thickness exceeding 3000A and by which 
strain relaxation was carried out remarkably. 

[0013] Other objects of this invention are forming the SiGe film with which distortion was eased on 
trench structure. 

[0014] The object of further others of this invention is offering the SiGe layer which has low 

penetration dislocation density by easing the distortion in the SiGe film to homogeneity. 

[0015] The further object of this invention is offering the approach of forming the SiGe layer which 

has the thickness exceeding 2000A. 

[0016] 

[Means for Solving the Problem] The approach of forming a thick strain relaxation SiGe layer on Si 
(silicon) and the approach of forming the strain relaxation SiGe layer of high gemianium 
(germanium) concentration are already indicated by the above-mentioned related application. This 
application is used as reference among this description. The SiGe film which has germanium 
concentration beyond 20% - 30% or it by the atomic ratio (atomic ratio), and has the thickness 
exceeding 3000A and by which strain relaxation was carried out remarkably is attained by using 
either of the manufacture processes of a SiGe layer that the manufacture process of a two-layer SiGe 
layer or distribution of a presentation inclined in the thickness direction. 

[0017] The process for which the manufacture approach of the semi-conductor substrate of this 
invention is the manufacture approach of the semi-conductor substrate which includes the approach 
of forming the SiGe layer which has comparatively high germanium concentration and 
comparatively low penetration dislocation density, and a silicon substrate is prepared. The process 
fi-om which germanium concentration deposits a SiGe layer higher than 20% by the atomic ratio on 
this silicon substrate at the thickness of about lOOnm - 500nm, about 1.1016 - the dose of cm-2- 
5.1016cm-2, and about 20 ~ with the energy of keV-45keV The process which injects H+ ion into 
this SiGe layer, and the process which carries out patteming of this SiGe layer by the photoresist. In 
the process at which plasma etching of the SiGe layer by which patteming was carried out is carried 
out, and the dimension of one side forms a trench in the perimeter of a field 4micro or less, the 
process which removes this photoresist, and an inert atmosphere At the temperature of about 650 
degrees C - 950 degrees C, heat anneaUng of this silicon substrate and this SiGe layer is carried out 
for [ about 30 seconds - ] 30 minutes, and the process which eases distortion of this SiGe layer is 
included. 

[001 8] The process which deposits said SiGe layer is performed at the temperature of about 400 
degrees C - 600 degrees C. 

[0019] The process which deposits Si layer which required tensile strain on the SiGe layer by which 
said distortion was eased at the thickness of about 5nm - 30nm is included further. 
[0020] The process which deposits the SiGe layer by which distortion which has the thickness of 
50nm - 200nm was eased on the SiGe layer by which said distortion was eased is further included 
after said heat annealing. 

[0021] Said heat annealing is performed in argon atmosphere. 

[0022] In said process which carries out patteming, patteming of said SiGe layer is carried out to the 
shape of a grid. 

[0023] Moreover, the process for which the manufacture approach of the semi-conductor substrate of 
this invention is the manufacture approach of the semi-conductor substrate which includes the 
approach of forming the SiGe layer which has comparatively high germanium concentration and 
comparatively low penetration dislocation density, and a silicon substrate is prepared. The process 
from which germanium concentration deposits a SiGe layer higher than 20% on this silicon substrate 
by the atomic ratio at the thickness of about lOOnm - 500nm, about 1.1016 — the dose of cm-2- 
5.1016cm-2, and about 20 — with the energy of keV-45keV The process which injects H+ ion into 
this SiGe layer, and the process which carries out patteming of this SiGe layer to a grid-like pattern 
by the photoresist, Plasma etching of the laminating structure of this SiGe layer by which patteming 
was carried out, and a silicon substrate is carried out. In the process at which the dimension of one 
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side forms a trench in the perimeter of the field not more than 4micrometerx4micrometer, the 
process which removes this photoresist, and an inert atmosphere At the temperature of about 650 
degrees C - 950 degrees C, heat annealing of said silicon substrate and this SiGe layer is carried out 
for [ about 30 seconds - ] 30 minutes, and the process which eases distortion of this SiGe layer is 
included. 

[0024] The process which deposits said SiGe layer is performed at the temperature of about 400 
degrees C - 600 degrees C. 

[0025] The process which deposits the layer of the silicon which required tensile strain on the SiGe 
layer by which said distortion was eased at the thickness of about 5nm - 30nm is included further. 
[0026] The process which deposits the SiGe layer by which distortion which has the thickness of 50- 
200nm was eased on the SiGe layer by which said distortion was eased is further included after said 
heat annealing. 

[0027] Said heat annealing is performed in argon atmosphere. 

[0028] Moreover, the process for which the manufacture approach of the semi-conductor substrate of 
this invention is the manufacture approach of the semi-conductor substrate which includes the 
approach of forming the SiGe layer which has comparatively high germanium concentration and 
comparatively low penetration dislocation density, and a silicon substrate is prepared, A SiGe layer 
so that germanium concentration may be about 20% and may serve as about 30% of dip presentation 
in the upper part on this silicon substrate in the location which adjoins this silicon substrate by the 
atomic ratio at the temperature of about 400 degrees C - 600 degrees C the process deposited on the 
thickness of about lOOnm - 500nm, and this SiGe layer — about 1.1016 — with the dose of cm-2- 
5.1016cm-2 The process which pours in H4- ion with the energy of abbreviation 20keV-45keV, The 
process which carries out patterning of this SiGe layer to a grid-like pattem by the photoresist, In the 
process which carries out plasma etching of this SiGe layer by which patteming was carried out, and 
forms a trench in the perimeter of the contrant region of a grid-like pattem, the process which 
removes this photoresist, and an inert atmosphere At the temperature of about 650 degrees C - 950 
degrees C, heat annealing of this substrate and this SiGe layer is carried out for [ about 30 seconds - ] 
30 minutes, and the process which eases distortion of this SiGe layer is included, 
[0029] The process which deposits the layer of the silicon which required tensile strain on the SiGe 
layer by which said distortion was eased at the thickness of about 5nm - 30nm is included fiirther. 
[0030] The process which deposits the SiGe layer by which distortion which has the thickness of 50- 
200nm was eased on the SiGe layer by which said distortion was eased is further included after said 
heat annealing. 

[003 1] Said heat annealing is performed in argon atmosphere. 

[0032] After the impregnation process of said H+ ion, said patteming process and said plasma 
ETCHINGGU process are performed. 

[0033] The impregnation process of said H+ ion is performed after said patteming process and said 
plasma ETCHINGGU process. 

[0034] The process which forms said trench is a process which forms a trench in the perimeter of the 

field whose dimension of one side is less than [ 4micrometerx4micrometer ]. 

[0035] The summary and the object of this invention which were mentioned above are offered so 

that he can understand the essence of this invention quickly. By referring to detailed explanation of 

the suitable operation gestalt of this invention which relates with a drawing and is explained below, 

he can understand this invention more nearly thoroughly. 

[0036] 

[Embodiment of the Invention] The object of this invention is manufacturing the suitable semi- 
conductor substrate for semiconductor devices, such as an MOSFET device which has the strain 
relaxation SiGe layer which has the thickness exceeding 2000A, without producing the trouble and 
defect of the conventional technique, this invention approach raises the strain relaxation of a SiGe 
layer using H+ ion implantation and trench formation. Reference of drawing 1 prepares and offers a 
silicon substrate 10. A silicon substrate 10 may be bulk silicon or SIMOX. The layer 12 of distorted 
SiGe deposits on a silicon substrate 10. The suitable thickness of the SiGe layer 12 which thickness 
of the 1st SiGe layer 12 was made within the limits of about lOOnm - 500nm, and was deposited on 
the silicon substrate 10 is about 200nm. Securing good crystallinity, it is necessary to choose growth 
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conditions and material gas so that surface irregularity may become min. This needs to perform 400 
degrees C - 600 degrees C low dental-curing length, and to form the metastable distorted SiGe film. 
[0037] Reference of drawing 2 performs H+ ion implantation in the SiGe layer 12. The dose of H+ 
ion is within the limits of abbreviation 1 .1016cm-2-5.1016cm-2. The energy level of H+ ion 
implantation is usually within the limits of abbreviation 20keV-45keV depending on the thickness of 
the SiGe layer 12. By the photoresist, patterning of the SiGe layer 12 is carried out, plasma etching is 
carried out, and a trench is formed. A trench is constituted so that the field whose dimension of one 
side is less than [ 4micrometerx4micrometer ], especially the square field not more than 
4micrometerx4micrometer may be formed. A photoresist is removed after an etching process. 
[0038] If drawing 3 is referred to, annealing will be performed into the inert atmosphere of an argon 
etc. at the temperature within the limits of about 650 degrees C - 950 degrees C, and, thereby, the 
SiGe layer 12 will change to the SiGe layer 14 by which distortion was eased. The 2nd SiGe layer 16 
deposits on the 1st SiGe layer 14. In this low-temperature deposition step, the 2nd SiGe layer 16 
deposits on the 200nm strain relaxation SiGe layer 14 of thickness at the thickness of about 170nm at 
the temperature within the limits of about 650 degrees C - 950 degrees C. The 2nd SiGe layer 16 is 
deposited so that it may become the thickness within the limits of about 50nm - 200nm. Preferably, it 
considers as the thickness of about 170nm. Thus, the formed semi-conductor substrate has whenever 
[ relaxation / of a high distortion ], and, a smooth front face. 

[0039] this invention approach has combined the relaxation approach of the above-mentioned related 
application by H+ (hydrogen ion) impregnation with formation of trench structure in this way. The 
trench structure in this invention approach is formed before strain relaxation annealing of a SiGe 
layer, this invention approach offers the technique of reducing penetration dislocation density 
further, by easing the distortion in a SiGe layer to homogeneity. 

[0040] Drawing 4 - drawing 15 show the result of the blister (blister) which is a semi-sphere-like 
defect having been formed upwards, and having carried out patteming of the trench. The percentage 
of germanium in the illustrated SiGe layer (germanium) is about 30% by the atomic ratio. H+ ion is 
poured in with the dose of 3.1016cm-2 by 26keV to the SiGe layer of instantiation. Then, a SiGe 
layer is etched, and the trench of grids structure is formed, and annealing is performed at about 800 
degrees C. In the contrant region of the 2micrometerx2micrometer trench structure of drawing 4 , 
and the contrant region of the 4micrometerx4micrometer trench structure of drawing 5 , a blister is 
not detected at all, or that a blister is detected by the most deserves attention to hardly being detected 
in the contrant region of the 8micrometerx8micrometer trench structure of drawing 6 , and the 
contrant region of the 16microxl6micro trench structure of drawing 7 . 
[0041] The trench structure of the shape of a grid (2micrometerx2micrometer, 

4micrometerx4micrometer, 8micrometerx8micrometer, and 16micrometerxl6micrometer) was used 
only for instantiation. Such trench structures were used in order to show the strain relaxation of the 
SiGe layer on small trench structure. Since 50% of a front face is still SiGe, strain relaxation can be 
easily measured according to an X diffraction. When using in this invention approach as a result of 
the instantiation used in this description, it is clear that the trench structure formed in the shape of 
[ whose dimension of one side is 4 micrometers or less ] a grid is suitable. This trench structure is 
used as requirements for a configuration which might be made into the same group or became 
independent. 

[0042] The blister seen in the microphotography is formed between annealing owing to the high 
compressive stress caused in the SiGe layer, germanium concentration becomes high, H+ ion of a 
higher dose is poured in and possibility that a blister will be formed becomes higher, so that a SiGe 
layer becomes thick. Although formation of a blister brings about relaxation of the stress (distortion) 
of a SiGe layer as it is also at another gestalt, it has a possibility that a SiGe layer may exfoliate from 
a silicon substrate 10 owing to a blister, and is not desirable. Drawing 4 shows the structure 18 of the 
flat pars basilaris ossis occipitalis after the dome of a blister breaks. 

[0043] That hydrogen is lost does not arise from the side attachment wall of trench structure owing 
to, but it is because hydrogen arrives at a top face easily and a SiGe layer is left that a blister does 
not exist in the contrant region of the trench structure of the shape of a 2micrometerx2micrometer 
grid and that a blister hardly exists in the contrant region of the trench structure which is 
4micrometerx4micrometer, when the thickness of a SiGe layer is less than 0.5micro. It is shown that 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/28/2006 



JP,2003-229361,A [DETAILED DESCRIPTION] 



Page 6 of 7 



considered that a blister does not exist as the result of having made the thickness dimension of a 
SiGe layer small, and stress was reduced from the SiGe layer. 

[0044] X diffraction mapping corresponding to drawing 4 - drawing 7 is shown in drawing 8 - 
drawing 1 1 , respectively. Relaxation of a sample is about 80% - 85%. Strain relaxation is obtained 
also in the trench structure of the 2micrometerx2micrometer shape of a grid of drawing 8 . This X 
diffraction mapping shows the SiGe (224) peak made still more long and slender. Drawing 8 is X 
diffraction mapping of the sample of the 2 micrometerx2 -micrometer field obtained from an edge by 
that [ with a location of about 35mm ] in the part of the upper left quadrant of drawing 4 . Here, it is 
x= 0.294 and is R= 79.34%. x is the atomic ratio of germanium in the SiGe film, and R is the rate of 
stress relaxation. Drawing 9 is X diffraction mapping of the sample of the 4 micrometerx4- 
micrometer field obtained from the edge of the part of the upper right quadrant of drawing 5 from the 
location of about 38mm. Here, it is x= 0.295 and is R= 80.74%. Drawing 10 is mapping of the X 
diffraction sample of the 8micrometerx8micrometer field obtained from the edge from the location 
of about 40mm in the part of the lower left quadrant of drawing 6 . Here, it is x= 0.299 and is R= 
84.42%. Drawing 1 1 is mapping of the sample of the 16micrometerxl6micrometer field obtained 
from the edge from the location of about 45mm in the part of the lower right quadrant of drawing 7 . 
Here, it is x= 0.294 and is R= 8 1 .89%. 

[0045] Drawing 12 - drawing 15 show the situation of the SiGe layer after etching for 1 5 seconds 
using a clearance mel etching reagent (Schimmeletch) to a strain relaxation SiGe layer, respectively. 
A clearance mel etching reagent is mixed liquor of 50%HF of the four sections, and Cr03 of 0.3M of 
the five sections. A defect (blister) was not detected with the trench structure of the shape of a 2 
micrometerx2-micrometer grid of drawing 12 , and the trench structure of the shape of a 4 
micrometerx4-micrometer grid of drawing 13 . The defect (blister) of high density was detected with 
the 8 micrometerxS-micrometer grid-like trench structure of drawing 14 , and the 16 micrometerxl6- 
micrometer grid-like trench structure of drawing 15 . It is strongly shown by this result that it is 
suitable for realizing the semi-conductor substrate with which the trench structure and the single 
SiGe layer of the shape of a smaller grid are a low defect, and contain the strain relaxation SiGe film. 

[0046] Hydrogen impregnation is performed to either of the back before trench formation. The 
suitable presentation of a SiGe layer is a configuration of a dip presentation which germanium 
(germanium) concentration increases as germanium (germanium) concentration is low and thickness 
becomes large near the Si/SiGe interface. The advantage of this dip presentation is in the point that 
distortion of a SiGe layer may be eased by homogeneity along a perpendicular direction. [ near the 
up front face ], germanium (germanium) concentration is the highest and relaxation of distortion also 
becomes larger. In the pars basilaris ossis occipitalis of the trench structure of this invention, 
germanium (germanium) concentration is lower than other parts, and also whenever [ relaxation / of 
distortion ] becomes lower. Drawing 16 is the typical sectional view having exaggerated and shown 
the trench structure in the SiGe layer before performing relaxation annealing of distortion. Drawing 
17 is the typical sectional view having exaggerated and shown the trench structure in the dip 
presentation SiGe layer after performing strain relaxation annealing. 

[0047] Formation of a penetration rearrangement is mainly related to formation of a misfit 
rearrangement. When the film which has a different lattice constant is deposited on a substrate, 
distortion occurs in the film as a result of adjustment of the lattice constant of a substrate. Distortion 
is reduced by migration from the both ends of formation of a misfit rearrangement, and the misfit 
rearrangement of a penetration rearrangement. The probability for a penetration rearrangement to 
reach a side attachment wall goes up substantially, so that trench structure becomes small. Therefore, 
it is expected that penetration dislocation density will become lower as trench structure becomes 
smaller. 

[0048] The advantage of the dip presentation which germanium concentration increases from a 
substrate interface to the upper part of a SiGe layer gradually is in the point that distortion is eased in 
a more uniform mode. That is, since a lattice constant rises gradually [ near the SiGe layer front 
face ], once distortion of a SiGe layer is eased, in accordance with those vertical axes, the increment 
in the thickness of a SiGe layer will also become homogeneity, consequently the more perfect strain 
relaxation of a SiGe layer will be obtained in this laminated structure. 
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[0049] The laminated structure used in order to generate the data of drawing 1 8 is the diode structure 
formed of STI (shallowtrench isolation). This diode structure has patterning of two configurations. 
One side is a square and another side is a finger form. The direction of the structure of a finger form 
has quite high edge-surface ratio. 

[0050] The reverse leakage current on P+J junction diode is shown in drawing 1 8 . Before forming 
the STI laminating structure, by performing the relaxation annealing process of distortion, the 
leakage current in the case of finger form structure is higher than the case of 

lOOmicrometerxlOOmicrometer square diode. When such diodes have the same area, the die length 
around diode differs. When relaxation annealing of distortion is performed after STI formation, the 
leakage current on finger structure diode is smaller than the case of square diode. This result shows 
that the defect spread to the edge of STI between the relaxation annealing processes of distortion. 
[0051] In another operation gestalt of this invention, the SiGe film and a silicon cap may be 
deposited simultaneously. With this operation gestalt, the thickness of the SiGe film is about 3 500 A, 
and germanium (germanium) concentration is about 20% in the pars basilaris ossis occipitalis of a 
layer, it changes gradually from there and becomes 30% in the upper part of a layer. Stress was not 
eased, therefore tensile strain will be added the silicon cap, and 5nm - 30nm of the thickness is about 
20nm (200A) in thickness preferably. H+ ion is the dose of abbreviation 3.101 6cm-2, and the energy 
level of about 34 keV(s), and is poured in into this laminating structure. Patterning of this laminating 
structure is carried out by the photoresist, it performs plasma etching, and forms trench structure. A 
photoresist is removed following etching and strain relaxation annealing is performed to the 
laminating structure obtained by it. 

[0052] As mentioned above, the approach of forming the thick strain relaxation SiGe layer which has 
trench structure was indicated. It is understood that the fiirther deformation and the fiirther correction 
can be made within the limits of this invention specified to the claim. 

[0053] 

[Effect of the Invention] In this way, the manufacture approach of the semi-conductor substrate of 
this invention has comparatively high germanium (germanium) concentration and the comparatively 
low penetration dislocation density beyond 20% - 30% or it by the atomic ratio (atomic ratio), and 
can obtain the semi-conductor substrate which has the SiGe film which has the thickness exceeding 
3000A, and by which strain relaxation was carried out remarkably. And the MOSFET device whose 
carrier mobility improved can be obtained with such a semi-conductor substrate. 

[Translation done.] 



http://wvvw4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi ejje 6/28/2006 



JP,2003-229361,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by tbe use o£ th±8 translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the formation process of SiGe based on the approach of this 
invention. 

[Drawing 2] It is drawing showing the formation process of SiGe beised on the approach of this 
invention. 

[Drawing 3] It is drawing showing the formation process of SiGe based on the approach of this 
invention. 

[Drawing 4] It is drawing showing the 2micrometerx2micrometer field surrounded with the trench 
constituted based on the approach of this invention, and the effect of the minimum blistering is 
shown. 

[Drawing 5] It is drawing showing the 4micrometerx4micrometer field surrounded with the trench 
constituted based on the approach of this invention, and the effect of small blistering is shown. 
[Drawing 6] It is drawing showing the 8micrometerx8micrometer field sxirrounded with the trench 
constituted based on the approach of this invention, and the effect of blistering is shown. 
[Drawing 7] It is drawing showing the 16micrometerxl6micrometer field surrounded with the trench 
constituted based on the approach of this invention, and the effect of blistering is shown. 
[Drawing 8] It is drawing showing the X diffraction of the 2 micrometerx2-micrometer field shown 
in drawing 4 . 

[Drawing 9] It is drawing showing the X diffraction of the 4 micrometerx4-micrometer field shown 

in drawing 5 . 

[Drawing 10] It is drawing showing the X diffraction of the 8 micrometerxS-micrometer field shown 
in drawing 6 . 

[Drawing 11] It is drawing showing the X diffraction of the 16 micrometerxl6-micrometer field 
shown in drawing 7 . 

[Drawing 12] It is drawing showing the 2 micrometerx2 -micrometer field after performing clearance 
mel etching (Schimmel etching) for 1 5 seconds. 

[Drawing 13] It is drawing showing the 4 micrometerx4-micrometer field after performing clearance 
mel etching for 1 5 seconds. 

[Drawing 14] It is drawing showing the 8 micrometerxS-micrometer field after performing clearance 
mel etching for 15 seconds. 

[Drawing 15] It is drawing showing the 16 micrometerxl6-micrometer field after performing 
clearance mel etching for 1 5 seconds. 

[Drawing 1 6] It is the typical sectional view which exaggerated typically [ the SiGe structure before 
performing relaxation annealing ], and was shown. 

[Drawing 1 7] It is the typical sectional view which exaggerated typically [ the SiGe structure after 
performing relaxation annealing ], and was shown. 

[Drawing 1 8] It is drawing showing the reverse leakage current about two semi-conductor substrates, 

[Description of Notations] 
10 Silicon Substrate 
12 SiGe Layer 

14 Strain Relaxation SiGe Layer 
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16 2nd SiGe Layer 
[Translation done.] 
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[Drawing 8] 
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[Drawing 12] 
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[Drawing 11] 
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